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SULFUR TOLERANT PT/LITHIUM NOX 
TRAPS 

FIELD OF THE INVENTION 
This invention relates to nitrogen oxide traps employed in 

the exhaust system of an internal combustion engine to 
absorb nitrogen oxides during lean-burn operation. 

BACKGROUND OF THE INVENTION 
Catalysts are employed in the exhaust systems of auto 

motive vehicles to convert carbon monoxide. hydrocarbons. 
and nitrogen oxides (NO,,) produced during engine opera 
tion into more desirable gases. When the engine is operated 
in a stoichiometric or slightly rich air/fuel ratio. i.e.. between 
about 14.7 and 14.4. catalysts containing palladium. plati 
num and rhodium. or palladium and rhodium are able to 
e?iciently convert all three gases simultaneously. Hence. 
such catalysts are often called “three-way" catalysts. It is 
desirable to operate the engine under “lean-burn" conditions 
Where the A/F ratio is greater than 14.7. generally between 
19 and 27. to realize a bene?t in fuel economy. Such 
three-way catalysts are able to convert carbon monoxide and 
hydrocarbons but are not etiicient in the reduction of NO, 
during lean-burn (excess oxygen) operation. 
One approach for treating NOx in exhausts from lean 

burn engines which is currently receiving considerable 
attention involves the use of so-called NO‘ traps. The widely 
held mechanism for this absorption phenomena is that the 
platinum ?rst oxidizes NO to NO2 and the N02 subse 
quently forms a nitrate complex with the other material. e.g.. 
an alkali metal like potassium In a stoichiometric or rich 
environment. the nitrate is thermodynamically unstable. and 
the stored NO,‘ is released. NOx then catalytically reacts with 
reducing species in the exhaust gas to form N2. 

European Patent Application 0613714A2 published Sep. 
7th. 1994 discloses that platinum or palladium in various 
combinations with at least two ingredient materials of the 
alkali metals. alkaline earth metals. transition metals. or 
rare-earth metal are capable of storing or absorbing nitrogen 
oxides under exhaust conditions of excess oxygen. For 
example. when requiring two alkali metal ingredients. the 
loading amounts of the two ingredients is taught to prefer 
ably fall in a range of from 0.05 to 2.0 moles/liter in total. 
Taking lithium as the alkali metals. this corresponds to a 
range of 0.25 to 1.0 weight percent of the porous support 
material. This application instructs that when the alkali 
metals are loaded in an amount more than this upper limit. 
the advantageous elfects resulting from the loading sattn'ate. 
and the porous support diminishes the surface area. 
The alkali metal and alkaline earth metals which are 

typically utilized for NOx sorption have. however. the 
serious drawback that they are readily poisoned by sulfur in 
the exhaust gas. Most fuels for automotive vehicles contain 
sulfur and when burnt. the sulfur is converted to sulfur 
compounds like S02. Over time. the sulfur compounds react 
with these trap materials forming sulfates which will not 
revert back to the sorption material. These sulfates are 
inactive for NOx sorption. As a result. the typical NOx trap 
is strongly deactivated by fuel sulfur. We have unexpectedly 
found that by forming a NOx trap from lithium and platinum 
and. most critically. loading the lithium in a signi?cantly 
higher amount than previously described. this poisoning 
etfect is substantially eliminated. Thus these present inven 
tion Li/Pt traps retain their NOx trapping e?iciency as 
compared to those loaded with much less lithium. 

DISCLOSURE OF THE INVENTION 

This invention is directed to an nitrogen oxide (NO,,) trap 
useful to trap nitrogen oxides during the lean-burn operation 
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2 
of an internal combustion engine. It comprises a porous 
support loaded with catalysts comprising at least 10 percent 
by weight lithium and 0.2-4.0 percent by weight platinum. 
individually based on the Weight of the support material. 
Preferably the support material is gamma-alumina. In 
another aspect. the invention is an internal combustion 
engine exhaust gas catalyst system comprising the NO,‘ trap. 
The engine may be a gasoline engine or a diesel engine. The 
trap is arranged in the exhaust system and absorbs NOx when 
the air/fuel ratio of exhaust gas ?owing into said trap is lean 
and releases the absorbed NO, when the oxygen concentra 
tion in the exhaust gas is lowered. as during stoichiometric 
or rich operation of the engine. According to another aspect. 
the invention is a process for trapping nitrogen oxides using 
the disclosed traps. 

Advantageously. we have found that by using a relatively 
high loading of lithium in combination with platinum in a 
nitrogen oxide trap. sulfur poisoning of.the trap material can 
be essentially eliminated. Thus. this invention trap is able to 
operate to $011) NOx without forming the sulfates which are 
ine?‘ective for NOx sorption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing the e?tect of sulfur poisoning 
on nitrogen oxide trapping e?iciency of several lithium/ 
platinum NOx traps (some being comparative examples) as 
the loading of the lithium is varied. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

This invention. according to one aspect. is directed to an 
internal combustion engine exhaust gas catalyst system 
comprising a nitrogen oxide trap. The NO, trap comprises a 
porous support impregnated with lithium and platinum. It is 
required that the support is highly loaded with lithium. i.e.. 
at least 10 weight percent lithium. preferably being at least 
25 weight percent with a maximum of about 50 weight 
percent lithium. In addition. the support is loaded with 
platinum in an amount between 0.2 and 4 weight percent. 
prefm'ably being between about 1 and 4 percent by weight. 
more preferably being about 1 to 2 weight percent platinum. 
most preferably being about 2. Optimally. the support carries 
about 10 to 50 weight percent lithium and 1 to 4 weight 
percent platinum. The weight percent of the lithium and 
platinum are each individually based on the weight of the 
porous support material. Also. it may be desirable to deposit 
a small quantity of rhodium on to the support material in an 
amount which is about 1/5 to 1/w the platinum amount. 
The porous support (washcoat) material loaded with the 

catalysts is preferably a high surface area washcoat material 
like alumina. preferably being gamma-alumina. Still other 
washcoat materials which may be used at the high operation 
temperatures associated with an internal combustion engine 
exhaust system include. but are not limited to. zeolite. ceria. 
and zirconia. Such washcoat materials. useful for carrying 
catalyst materials. are well known to those skilled in the art. 
The choice of the particular porous support (washcoat) 
material is not critical to this invention. Desirably. the 
support material has a surface area between about 5 and 300 
to lg. 

For useful application in an exhaust gas system of for 
example gasoline or diesel engines. the washcoat will be 
carried on a substrate of a high temperature stable. electri 
cally insulating material. Typical of such substrate materials 
are cordierite. mullite. etc. The substrate may be in any 
suitable con?guration. often being employed as a monolithic 
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honeycomb structure. spun ?bers. corrugated foils or layered 
materials. Still other materials and con?gurations useful in 
this invention and suitable in an exhaust gas system will be 
apparent to those skilled in the art in view of the present 
disclosure. 
The catalysts and washcoat may be applied to the sub 

strate as a mixture of washcoat and catalyst or in sequential 
steps. the washcoat being applied ?rst. in a manner which 
would be readily apparent to those skilled in the art of 
catalyst manufacture. Preferably. the washcoat is ?rst 
applied to the substrate followed by drying and calcination 
of the washcoat. Then the lithium and platinum catalysts can 
be deposited on the washcoat. as by impregnation tech 
niques well known to those skilled in the art. According to 
such techniques. the lithium and platinum catalysts. indi 
vidually or together. would be dissolved as soluble precur 
sors thereof. e. g.. as a salt like lithium nitrate in an aqueous 
or organic solvent solution which is then impregnated into 
the washcoat. The lithium and platinum can be impregnated 
sequentially; the order is not important. The lithium and 
platinum precursors can also be dissolved together in a 
common solution and impregnated into the porous support 
in a single step. The particular salt employed as well as the 
solvent is not critical to this invention. Exemplary platinum 
containing compounds include chloroplatinic acid. Other 
such matm'ials which may be used would be apparent to 
those skilled in the art in view of the present disclosure. 
Drying and calcination of the impregnated washcoat in air 
generally converts the lithium nitrate to lithium oxide on the 
washcoat material. 
As is known in the art. N0, traps are susceptible to 

poisoning by sulfur compounds present in the exhaust gases. 
We have found that by using a very high loading of lithium 
along with platinum. this problem is essentially overcome. 
That is. the NOx trapping ef?ciency of the catalyst is 
maintained as shown in FIG. 1. 
The internal combustion engine catalyst system of this 

invention may include another catalyst device as. for 
example. a catalytic converter employing a, conventional 
three-way catalyst containing palladium. etc. The three-way 
catalyst can be placed upstream of the NO: trap. hence 
closer to the engine. In such an arrangement. the tln'ee-way 
catalyst being closely mounted to the engine would warm up 
quickly and provide for e?icient engine cold start emission 
control. Once the engine is warmed up. the three-way 
catalyst will remove hydrocarbons. carbon monoxide. and 
nitrogen oxides from the exhaust during stoichiometn'c 
operation and hydrocarbons and carbon monoxide during 
‘lean operation. The NO‘,: trap would be positioned down 
stream of the three-way catalyst where the exhaust gas 
temperature enables maximum NO, trap e?iciency. Also. 
with the N0, trap positioned downstream of the three-way 
catalyst in a remote location. it is protected against very high 
exhaust gas temperatures which could damage it. During 
periods of lean-burn engine operation when NOz passes 
through the three-way catalyst. NO,, is stored on the trap. 
The NOX trap is periodically regenerated by short periods or 
intervals of slightly rich engine operation. The stored NO, is 
then released from the alkali metal trapping material and is 
catalytically reduced over the platinum by the excess CO. H2 
and HCs present in the exhaust. In general. the released N0, 
is ei?ciently converted to N2. which e?iciency is enhanced 
when rhodium is contained within the NO, trap washcoat. 
However. one may wish to place a second three way catalyst 
downstream of the N0, trap in order to further aid in this 
regard. 

This invention catalyst has particular utility when used 
with lean-burn engines. Lean-burn engines are those which 
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4 
at least during part of their operation operate with air/fuel 
ratios containing excess oxygen relative the stoichiometric 
ratio. For gasoline engines that range is usually 19-27 and 
for diesel the range is usually 19-40. 

EXAMPLE 1 

A nitrogen oxide trap according to an embodiment of the 
present invention was prepared as follows. Gamma-alumina 
(100 m2/g) was ball milled and mixed with distilled water to 
produce a slurry. The slurry was applied to a corderite 
monolith (400 cells/m2) to obtain a 25 wt % loading of the 
alumina. The monolith was subsequently dried at 120° C. to 
remove the water and calcined in air at 500° C. for 6 hours. 

The alumina coated monolith was ?rst impregnated with 
an aqueous solution containing lithium nitrate adjusted so as 
to provide 15 wt % lithium on the alumina washcoat. 
Following impregnation with the solution. the alumina was 
dried at 120° C. for 4 hours to remove the water and then 
calcined at 500° C. for 6 hours. The resulting product was 
then loaded with platinum in a similar fashion. That is. this 
washcoat was subsequently impregnated with an aqueous 
solution containing hexachloroplatinic acid (adjusted so as 
to provide 2.0 wt % platinum on the alumina washcoat). 
dried. and calcined as above. 

Similar lithium/platinum trap were made as above the 
only variation being in the loading of the lithium which 
varied from 2 wt % to 25 wt % as shown in FIG. 1. The traps 
with 2 and 5 wt % are comparative examples. which the 
others are according to embodiments of the present inven 
tion. 

In order to test the NO, sorption ef?ciency of the traps 
when subjected to S02. they were subjected to a simulated 
exhaust gas containing: 500 ppm NO. 10% CO2. 10% B20. 
0.1% CO. 0.03% Hz. 50 ppm C3H6. 20 ppm S02 and 6% 02. 
The total exhaust gas ?ow rate was 3 liter/min and the space 
velocity was 20.000 hr“. 

It can be seen from FIG. 1 that as the lithium loading is 
increased. the sulfur poisoning is signi?cantly mitigated 
With the 25 wt % lithium sample. no loss of NO, trapping 
ei?ciency was observed. This was unexpected since. as 
discussed above. European Application 0613714A2 teaches 
away from loading lithium above 1 wt %. While not wishing 
to be bound by theory. it is believed that a platinum-lithium 
interaction is created which suppresses the formation of 
sulfate over the platinum as the lithium loading is increased 
Neither the validity nor understanding of this theory is 
necessary for the practice of this invention. 

EXAMPLE 2 

A gamma alumina coated monolith is prepared according 
to the previous example and impregnated with an aqueous 
solution containing lithium nitrate adjusted so as to provide 
for 25 wt % lithium on the alumina washcoat. Following 
impregnation. the monolith is dried at 120° C. for 4 hours 
and then calcined at 500° C. for 6 hours. The resulting 
product is then impregnated with an aqueous solution con 
taining hexachloroplatinic acid and rhodium nitrate. dried. 
and calcined as above. The concentrations of hexachloro 
platinic acid and rhodium nitrate are adjusted so as to 
provide for 2 wt % Pt and 0.2 wt % Rh on the alumina 
washcoat. The NO, is e?iciently trapped by the catalyst. 

EXAMPLE 3 

A gamma alumina coated monolith is prepared according 
to the previous example and impregnated with an aqueous 
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solution containing lithium nitrate adjusted so as to provide 
for 25 wt % lithium on the alumina washcoat. Following 
impregnation. the monolith was dried at 120° C. for 4 hours 
and then calcined at 500° C. for 6 hours. The resulting 
product is then impregnated with an aqueous solution con 
taining hexachloroplatinic acid; the concentration of 
hexachloroplatinic acid is adjusted so as to provide 1.0 wt % 
of platinum on the alumina Washcoat. The monolith is then 
dried and calcined as before. The NOX is e?iciently trapped 
by the catalyst. 

EXAMPLE 4 

A gamma alumina coated monolith is prepared according 
to the previous example and impregnated with an aqueous 
solution containing lithium nitrate and hexachloroplatinic 
acid: the concentrations are adjusted so as to provide for 25 
wt % platinum on the alumina washcoat. Following 
impregnation. the monolith is dried at 120° C. for 4 hours 
and then calcined at 500° C. for 6 hours. The NO, is 
e?iciently trapped by the catalyst. 

EXAMPLE 5 

Gamma alumina powder (100 mzlg) is impregnated via an 
incipient wetness technique with a solution containing 
lithium nitrate and hexachloroplatinic acid; the concentra 
tions of lithium nitrate and hexachloroplatinic acid are 
adjusted so as to provide for 25 wt % lithium and 2 wt % 
platinum on the alumina powder. Following impregnation. 
the alumina powder is dried at 120° C. for 4 hours and then 
calcined at 500° C. for 6 hours. The resulting product is then 
ball milled and mixed with distilled water in order to 
produce a slurry. The slurry is applied to a corderite mono 
lith to obtain a 25 wt % loading of the PtlLi/Y-Al2O3 
material. The monolith is subsequently dried at 120° C. to 
remove the water and calcined in air at 500° C. for 6 hours. 
The NO,‘ is e?iciently trapped by the catalyst. 
We claim: 
1. A nitrogen oxide trap useful for trapping nitrogen oxide 

present in the exhaust gases generated during lean-burn 
operation of an internal combustion engine. said trap com 
prising: 

a porous support; and 
catalysts comprising at least 10 weight percent lithium 
and 0.2 to 4 weight percent platinum loaded on said 
porous support. each individually based on the weight 
of the porous support. 

2. The nitrogen oxide trap according to claim 1 wherein 
platinum is present in an amount of about 1 to 2 weight 
percent on said support. 

3. The nitrogen oxide trap according to claim 1 wherein 
said support comprises alumina. 

4. The nitrogen oxide trap according to claim 1 wherein 
said support is loaded with about 1 to 4 wt. percent platinum 
and 10 to 50 wt. percent lithium. each based on the weight 
of the porous support. 

5. The exhaust gas catalyst system according to claim 4 
which further comprises a three way catalyst positioned 
upstream of the nitrogen oxide trap. 
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6. The exhaust gas catalyst system according to claim 5 

which further comprises a three-way catalyst positioned 
downstream of the nitrogen oxide trap. 

7. An internal combustion engine exhaust gas catalyst 
system comprising a nitrogen oxide trap being arranged in 
the exhaust system and absorbing nitrogen oxides when the 
air/fuel ratio of exhaust gas ?owing into said trap is lean. 
said nitrogen oxide trap releasing absorbed nitrogen oxides 
when the oxygen concentration in said exhaust gas is 
lowered. said nitrogen oxide trap comprising: 

a porous support; and ' 

catalysts comprising at least 10 weight percent lithium 
and 0.2 to 4 weight percent platinum loaded on said 
porous support. each individually based on the weight 
of the support. 

8. The exhaust gas catalyst system according to claim 7 
wherein platinum is loaded on said support in an amount of 
l to 2 weight percent. 

9. The exhaust gas catalyst system according to claim 7 
wherein said support comprises alumina. 

10. The exhaust gas catalyst system according to claim 7 
wherein said support was loaded with about 1 to 4 wt. 
percent platinum and 10 to 50 wt. percent lithium. each 
based on the weight of the porous support. 

11. A process for trapping nitrogen oxides from the 
exhaust gases generated during lean-burn operation of an 
internal combustion engine. said process comprising the 
steps of: 

bringing said oxygen-rich exhaust gases. whose oxygen 
content is at the stoichiometric or more required for 
oxidizing the components to be oxidized therein. into 
contact with a nitrogen oxide trap comprising: 

a porous support; and 
catalysts comprising at least 10 weight percent lithium 

and 0.2 to4weight percent platinum loaded on said 
porous support. each individually based on the weight 
of the support. 

12. The process according to claim 11 wherein platinum 
is loaded on said support in an amount of about 1 to 4 weight 

percent. 
13. The process according to claim 11 wherein said 

support comprises alumina. 
14. The process according to claim 11 wherein said 

support was loaded with about 1 to 4 wt. percent platinum 
and 10 to 50 wt. percent lithium each based on the weight 
of the porous support. 

15. The process according to claim 11 which further 
comprises the step of contacting said exhaust gases with a 
three way catalyst positioned upstream of the nitrogen oxide 
trap. 

16. The process according to claim 15 which further 
comprises a three-way catalyst positioned 

downstream of the nitrogen oxide trap. 

***** 


